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Abstract Synoptic Carrington charts of magnetic field are routinely used as an input for modelings
of solar wind and other aspects of space weather forecast. However, these maps are constructed using
only the observations from the solar hemisphere facing Earth. The evolution of magnetic flux on the
“farside” of the Sun, which may affect the topology of coronal field in the “nearside,” is largely ignored. It is
commonly accepted that placing a magnetograph in Lagrangian L5 point would improve the space weather
forecast. However, the quantitative estimates of anticipated improvements have been lacking. We use
longitudinal magnetograms from the Synoptic Optical Long-term Investigations of the Sun (SOLIS) to
investigate how adding data from L5 point would affect the outcome of two major models used in space
weather forecast.

1. Introduction

Knowledge of the magnetic field in the solar photosphere plays an essential role in modern space weather
forecasting. For example, synoptic maps of radial magnetic field are used as input for the Wang-Sheeley-Arge
(WSA)-ENLIL model [Arge and Pizzo, 2000; Odstrc̃il et al., 2002] to derive the properties of solar wind near
the Earth and elsewhere in the solar system. The same type of maps are also employed in extrapolat-
ing the large-scale magnetic fields from the photosphere to the corona using, for example, potential field
source surface (PFSS) model [see Petrie, 2013, and references therein]. Recently, full vector field synoptic
maps became available from the Synoptic Optical Long-term Investigations of the Sun (SOLIS) and its Vector
Spectromagnetograph (VSM) [e.g., Balasubramaniam and Pevtsov, 2011], which stimulated the use of nonlin-
ear force-free field (NLFFF) modeling of global magnetic fields [e.g., Tadesse et al., 2014]. Topology of magnetic
field around the source regions of flares and coronal mass ejections (CMEs) offers important clues about orien-
tation of magnetic field in interplanetary magnetic clouds and ejecta, and the information about large-scale
magnetic connectivity in the solar corona brings better understanding of remote triggering solar eruptions
[e.g., Pevtsov, 2012, and references therein]. However, modern synoptic maps are created using observations
from a single Earth-facing viewing point (i.e., ground-based instruments on Earth or at Lagrangian L1). The
synoptic maps capture the evolution of solar magnetic fields as they move across the visible (“nearside”)
solar hemisphere. Any changes that occur on the “farside” are not correctly represented by these synoptic
maps. Some evolution of magnetic field on the farside could be represented via a flux transport modeling,
by applying known differential rotation, supergranular diffusion, and the meridional flows. Emergence of
new active regions could also be modeled by inserting bipolar flux elements at the locations determined
from the helioseismic technique doubted farside imaging. This approach has been pursued in the frame-
work of the Air Force Data Assimilative Photospheric Flux Transport (ADAPT) model [Arge et al., 2010, 2011;
Hickmann et al., 2015].

The verification of model predictions is done via a direct comparison with observations: for example, param-
eters of solar wind from WSA-ENLIL model are compared with in situ observations from ACE or WIND space-
crafts [e.g., Arge and Pizzo, 2000; Riley et al., 2013; Jian et al., 2014]. PFSS model predictions of areas of opened
field lines are contrasted with EUV and soft X-ray observations of coronal holes (e.g., Solar Dynamics Observa-
tory/Atmospheric Imaging Assembly (SDO/AIA) or Hinode/X-ray Telescope-XRT [Petrie and Haislmaier, 2013]).
Such comparative studies are often used to demonstrate strength or deficiency of a particular model or an
observing station. Here we take a different approach and compare output of WSA-ENLIL and PFSS models
computed using different input data. The goal of this exercise is to explore a hypothetical scenario, i.e., how
the existence of additional data from the Lagrangian L5 point would benefit the modeling of solar corona and
solar wind.
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Figure 1. Near-real-time Carrington synoptic maps corresponding to the Lagrangian (a and c) L5 and (b and d) L1 viewing
points. Large white boxes mark approximate range of latitudes and longitudes visible from each viewing point. Small
white boxes are drawn around two isolated active regions. The regions are present in L5 observations but are absent in
L1 observations as at the time corresponding to each map, when the region was outside of solar disk visible from L1
viewing point. Two NRT synoptic maps shown in Figures 1a and 1b correspond to the 25th day from the beginning of
the time series used in this article (region 1). Figures 1c and 1d correspond to day 46 (second active region).

2. Data and Models

To model the effect of having additional observations from the Lagrangian L5 point, we employ a set of 48
daily near-real-time (NRT) synoptic magnetograms created from SOLIS/VSM observations. The time period
covered by these observations is 62 days, and it corresponds to Carrington rotations CR2146–2149. These
maps were taken as the real distribution of magnetic flux on solar surface. Next, the maps were modified by
removing magnetic flux corresponding to two isolated bipolar active regions (Case 1 and Case 2) when the
regions were outside of range of solar longitudes visible from the L1 viewing point. The removed magnetic
flux was replaced by random noise with amplitude and spatial parameters corresponding to areas of quiet
Sun in corresponding magnetograms. These modified maps were considered as if they were observed from
the Lagrangian L1 viewing point. Synoptic maps corresponding to a combination of the Lagrangian L5 and
L1 viewing points retained both active regions. Figure 1 shows an example of two Carrington near-real-time
synoptic maps as they would appear from the Lagrangian L1 (Figures 1b and 1d) and a combination of L1 and
L5 data (Figures 1a and 1c). The same data set was used recently by Weinzierl et al. [2016], and the reader is
referred to that article for a more detailed description of the data.

For modeling we employed the Wang-Sheeley-Arge (WSA)-ENLIL and the potential field source surface (PFSS)
models as discussed in the following sections.

3. Effects of L5 Viewing Point on PFSS Modeling of Open Field Lines

To evaluate the difference in coronal large-scale magnetic fields computed with and without additional data
from the Lagrangian L5 point, we used the PFSS model implemented at the National Solar Observatory/
National Solar Observatory (NSO) [Petrie, 2013]. Figure 2 shows four NRT synoptic maps corresponding to our
Case 1 (Figures 2a and 2b) and Case 2 (Figures 2c and 2d) that depict the areas of opened magnetic fields and
a large-scale magnetic neutral line. These areas of open field indicate possible location of the coronal holes.
Foot points of open field lines of positive/negative polarity are colored in red/blue. Dashed circles mark an
approximate position of areas of opened polarity fields, which we would like to discuss now. For Case 1, open
field lines associated with the coronal hole are present when one uses a magnetogram that includes both
L1 and L5 observations, but they are absent in the model output when only L1 observations are used. The
shape of the source surface neutral line (SSNL, thick black line) is also distorted in L1 model output (compare
Figures 2a and 2b to below and left of the dashed circle). SSNL marks the apex locations of the tallest closed
field trajectories in the PFSS solution; these closed field lines correspond to the streamer belt, representing
the equatorial current sheet.
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Figure 2. The results of PFSS modeling using data shown in Figure 1 as input for (a and c) L5 and (b and d) L1 viewing
points. Blue and red colors mark areas of open magnetic flux of negative and positive polarity. The thick black line
represents the magnetic neutral line of large-scale magnetic field (source surface neutral line, SSNL). Figures 2a and 2b
correspond to Case 1 (removal active region 1), and Figures 2c and 2d are for Case 2. Dashed circles in Figures 2a and 2b
outline position of an isolated coronal hole (open field lines), which is present in model realization based on L1 + L5
data (Figure 2a) but is absent when L1 data alone are used (Figure 2b). Figures 2c and 2d show Case 2, when the size of
a coronal hole in model realization based on L1 data alone is significantly larger than in model predictions based on
L1 + L5 data.

For Case 2 (Figures 2c and 2d), the size of isolated coronal hole is larger when only the data from L1 are used.
In addition, the shape of the coronal hole situated above and to the right of the dashed circle is also slightly
changed. Contrary to Case 1 (Figures 2a and 2b), in Case 2, the shape and the location of SSNL are not affected.

The difference between Case 1 and Case 2 suggests that lack of a small (magnetically closed) active region
may have a different modeling outcome depending on large-scale topology of magnetic field in the vicinity
of that region. In some cases, it could lead to appearance of an erroneous coronal hole, while in other cases
it might result in erroneous reduction and maybe even a complete disappearance of the coronal hole that
otherwise is present on the Sun. Such behavior is consistent with the notion of a global connectivity in solar
corona on different spatial scales.

4. Effects of L5 Viewing Point on WSA-ENLIL Modeling of Solar Wind

To evaluate the difference in predicted parameters of solar wind with and without additional observa-
tions from Lagrangian L5 point, we used the WSA-ENLIL model (WSA V2.2 and ENLIL V2.7) that run at the
Community Coordinated Modeling Center (CCMC), operated at NASA Goddard Space Flight Center. The WSA
model allows predicting a quasi-steady flow of solar wind by employing the empirical relations between
the magnetic field expansion factor and the solar wind speed. It uses a PFSS model to represent the mag-
netic fields at the source surface at about 2.5 solar radii, which is then linked to the Current Sheet Model
(CSM, extends to 21.5 solar radii or 0.1 AU).

As described in Pevtsov et al. [2015], “the WSA code rebins the input synoptic maps to a surface grid of size 144
by 72 pixels, uniformly spaced in longitude and latitude with grid cell size of 2.5 degrees. The outer boundary
of the current sheet component is placed at 21.5 solar radii (0.1 AU). The WSA solution on this spherical sur-
face is used to provide the inner boundary condition for the ENLIL 3D MHD code. ENLIL uses a grid, uniformly
spaced in spherical coordinates, of size 256 by 30 by 90 covering the domain from 0.1 to 2 AU in radius,
30 degrees to 150 degrees in polar angle (where 0 degrees is the solar north pole), and the full 360 degrees in
longitude.” For additional details on the WSA-ENLIL models and their implementation the reader is referred to
Arge et al. [2004] and Odstrcil et al. [2008]. Figure 3 shows the time evolution of several parameters of solar wind
relative to those as modeled by WSA-ENLIL. To simplify the comparison, we subtract the model predictions
based on L1 data from the modeling based on (L1 + L5) data.
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Figure 3. Output of WSA-ENLIL model showing (top to bottom) time variation of solar wind speed, electron density,
temperature, and field strength at Earth. The plots show difference between the model predictions based on (L1 + L5)
data and L1 data alone.

Prior to an active region 1 entering the field of view of instrument at L5 (Case 1, day 15 in Figure 3), the outputs
of WSA-ENLIL model are identical for two inputs (L1 magnetograms alone and a combination of L1 and L5
data). However, when the active region 1 is included in L5 data, but is still absent from the L1 synoptic maps,
we see significant deviations in all modeled parameters. In solar wind speed, the difference between two
model realizations could reach 70–75 km s−1 (∼20%). Electron density could differ by about 3 cm−3 (40%), and
the magnetic field strength could change by about 1 nT (15%). Electron temperature appears to change by
about 5 kK (10–15%). Between days 20 and 27, when the region enters the L1 viewing point, the differences
between two model realizations disappear.

The effect of second active region (Case 2) is evident between days 34 and 43 (Figure 3). The amplitude of devi-
ations is slightly larger as compared with Case 1: ΔVr ≈ 100–120 km s−1 (∼30%), ΔN ≈ 3–4 cm−3 (60–70%),
Δ|B| ≈1 nT (20–25%), and ΔT ≈15–20 kK (45–50%).

The amplitude of changes in all parameters is larger than the uncertainties arising from evolution and obser-
vational noise of individual synoptic maps. Based on the ensemble modeling, Pevtsov et al. [2015] found that
for Carrington rotation 2137, the scatter in parameters of solar wind predicted by WSA-ENLIL model is as fol-
lows: 𝜎(Vr) = 32 km s−1, 𝜎(N) = 1.52 cm−3, 𝜎(T) = 4.82 kK, and 𝜎(|B|) = 0.55 nT. The changes we see due to
exclusion two active regions from L1 viewing point are larger than 1 𝜎 uncertainties for all four parameters.

5. Discussion and Summary

Employing two widely used models (PFSS and WSA-ENLIL), we provide the quantitative estimates of the
effect of observations from the additional (L5) viewing point on modeling of large-scale magnetic field in
the corona and the properties of solar wind. We find significant differences in predicted location of areas of
opened field lines (potential coronal holes) and orientation of neutral line of large-scale magnetic field. These
differences occur in areas close to the location of small bipolar active regions that were removed from input
magnetograms representing L1 viewing point. Away from these locations, the PFSS modeling outcome is
less affected. In predicted solar wind properties, we find significant effects associated with the missing mag-
netic flux. The difference between the two model realizations (L1 observations alone and L1 + L5 data) is
not as strong as the enhancements in solar wind properties associated with major interplanetary CMEs, but
they are significantly larger than the uncertainties arising from the current input data. In case of two small
(well-balanced) active regions, the difference between L1 and (L1 + L5) modeling prediction may reach 30%
in solar wind speed, 60–70% in electron density, 20–25% in electron temperature, and 45–50% in magnetic
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field strength. We speculate, however, that the difference could be more significant if a larger (by magnetic
flux) active region had entered the L5 viewing point. We should stress that in this exercise, two model realiza-
tions were only compared with each other. We do not compare these model predictions with the heliospheric
measurements.

While in the PFSS modeling the difference between L1 and (L1 + L5) results is limited to a vicinity of small
active regions removed from the calculations for L1 viewing point, we expect that this could be a consequence
of spatially limited differences between the two data sets. On the real Sun, the magnetic flux will change in
other places, and thus, the difference in large-scale connectivity should also be expected. These large-scale
effects were recently demonstrated by Weinzierl et al. [2016] using the same data set as this paper.

The PFSS and WSA-ENLIL models used in this exercise have several known problems. Thus, for example,
PFSS model treats magnetic field above the solar photosphere as vacuum field (no gas pressure), and it also
disregards the presence of electric currents known to exist from the magnetic field observations in the pho-
tosphere and the chromosphere. Alternative models do exist. For example, the current sheet source surface
(CSSS) model [Zhao and Hoeksema, 1995] introduces additional “cusp surface” that allows for electric currents
to ensure that the coronal fields at the outer boundary are purely radial and spatially uniformly distributed.
Even more realistic are the full MHD models [Feng et al., 2012a, 2012b]. The Magnetohydrodynamics Around a
Sphere (MAS) model [Mikić et al., 1999] is shown to successfully represent the solar corona as observed during
the eclipses; it may also provide the basis for a more realistic modeling of solar wind [Linker et al., 2016]. Still,
PFSS and WSA-ENLIL models are widely used in research and the Space Weather Forecast and, thus, are quite
suitable for such tests. While better estimates are possible with these more advanced models, our results pro-
vide the first quantitative evaluation of the importance of additional viewing point on forecasting the solar
wind conditions at Earth location. With the limitations of models used in this test, perhaps, the reader should
consider our results as the worse case scenario.
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